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@ Coated marine structure. 

§h A marine structure, the outer surface of which is at 
least partly coated with one or more layers, the outermost 
layer comprising a vulcanized silicone rubber which rubber 
contains silicon-free segments which are constituted of 
recurrent units. These recurrent units are P^^^jJ 
from monomers with ethylenic unsaturate, inpart.cular 
butyl acrytate and styrene. 

The outermost layer may also comprise a fluid organic 
compound such as a polydihydrocarbylsiloxane. a lubn- 
■ eating oil or a polyisobutylene. 
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COATED MARINE STRUCTURE 

The invention relates to a marine structure , the outer 
surface of which is at least partly coated with one or more 
layers . 

The surfaces of marine structures which are immersed in sea— 
5 water, such as ships' hulls, buoys* legs of drilling platforms, 
riser pipes, need to be protected against fouling by organisms 
such as grasses, algae, barnacles, tube worms, serpula, oysters, 
ascidia, bryozoa and the like. The organisms adhere to the 
surface, adding weight thereto, and also increase frictional 

10 resistance resulting in higher stresses on drilling and production 
platforms and the like due to a greater resistance to wave action, 
and in lower speeds and higher fuel consumption of ships . In 
order to avoid the necessity of frequent removal of the fouling 
organisms , coatings of marine structures have been developed 

15 which hamper the adherence of the organisms to the marine 

structure. These coatings comprise paints which contain poisonous 
substances based upon metals such as copper, tin, lead, mercury 
and arsenic. The period over which these paints can prevent 
fouling is rather limited, and moreover in- the application of 

20 these coatings toxicity problems may be encountered. 

Coatings on which the organisms adhere with difficulty, 
such as silicone rubbers have also been described to have anti— 
fouling properties, but they do not provide a decisive solution 
because they have a low tear-cohesive strength, and are easily 

25 torn from the surface of the marine structure. 

It has now been found that specific vulcanized silicone 
rubbers which have only a small silicium content, combine a 
high cohesive strength and a low tendency to be torn off with 
good anti-fouling properties . 
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According to the present invention there is provided a 
marine structure, the outer surface of which is at least partly 
coated with one or more layers, which is characterized in that 
the outermost layer comprises a vulcanized silicone rubher which 
5 rubher contains silicon- free segments which are constituted 
of recurrent units . 

The said silicon— free segments which are constituted of 
recurrent units (further to be indicated as segments) may consist 
of several types of recurrent units. Preferably, the unit weight 

10 of each ie cur ring ixiit is at least 30, in particular at least 50. 

(Unit weight stands for the weight ratio of a unit and a hydrogen 
atom). The segments may, for example, consist of polymerization 
products of 1 , 2- epoxides , such as aikylene oxides, or consist of 
condensation products of 1,2-epoxides and di hydroxy compounds 

15 such as bisphenols, e.g., condensation products of epichloro- 

hydrin and 2,2-(U-hydroxyphenyl)propane. Segments derived partly 
or totally from epoxides are very suitably attached to silicon 
atoms present in the silicone rubber by means of an oxyphenylene— 
or an amino-phenylene group, in which groups the phenylene group 

20 is bound to a silicon atom and the oxygen, respective nitrogen, 
atom to the epoxide- derived segment . 

Other examples of segments are those derived from ur ethane- 
based units; they may very suitably have been obtained by poly- 
addition of di-isocyanates, such as toluene-di-isocyanate and/or 

25 hexanemethylene-di-isocyanate and di hydroxy compounds , such as 

dihydroxy polyesters or di hydroxy poly ethers . Polyurethane segments 
are very suitably attached to silicon atoms of the silicone 
- rubber -by means of an oxyphenylene group or an aminophenylene 
group, in which groups the phenylene group is bound to a silicon 

30 atom and the oxygen, respective nitrogen, atom to the poly- 
urethane segment. 

It is preferred that the segments consist of recurrent units 
derived from polymerization of compounds containing ethylenic 
unsaturation. Very suitably segments of this type are linked to 
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silicon atoms in the silicone rubber via aliylene or alkylidene 
groups, in particular methylene groups. 

The segments are very suitably obtained by grafting onto 
the vulcanized silicone rubber, or they may be present in the 
organo-polysiloxane from which the silicone rubber has been 
prepared by vulcanization. It is also possible to carry out 
the vulcanization of the organic polysiloxane and the grafting 
s imult aneous ly . 

It is preferred that the outermost layer has been prepared 
by vulcanizing an organopolysiloxane which contains segments 
which segments are constituted of recurrent units which units 
are derived from monomers containing ethylenic unsaturation. 

Segments which are linked via alkylene or alkylidene groups 
to a silicon atom of -foe polysiloxane are very suitably obtained 
by grafting organopolysiloxane backbones which contain alkyl 
groups attached to a silicon atom with graft components which 
contain ethylenic unsaturation. The said alkyl groups very 
suitably contain at most four carbon atoms, methyl groups being 
preferred. The organopolysiloxane backbones onto which the 
segments are to be grafted may, of course, besides alkyl groups 
contain other groups, such as phenyl groups, substituted phenyl 
groups, vinyl groups, halogen (e.g., chlorine and/or fluorine) 
containing groups (e.g., haloalkyl groups),- etc. Very suitably 
the organopolysiloxane backbone consists of polydimethylsiloxane . 

Because the organopolysiloxanes which contain segments are 
to be vulcanized, they need to possess certain groups which make 
them suitable for vulcanization. It is attractive that the said 
groups are already present in the organopolysiloxanes onto which 
the segments are to be grafted. 

The grafting of compounds with ethylenic unsaturation onto 
the organopolysiloxane backbones may be achieved by any eligible 
means. Very suitably the grafting is accomplished by polymer- 
ization, with the aid of a free radical initiator, of compounds 
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vith. ethylenic unsaturate on which are suited for such type 

of polymerization ( also "to he called monomers). Very suitably the 
monomers are selected from unsaturated aliphatic hydrocarbons, 
unsaturated halogenated hydrocarbons, vinyl aromatic compounds, 
5 unsaturated acids or esters, unsaturated amides, unsaturated 
nit riles or any mixture of two or more thereof. Examples are 
the low molecular weight hydrocarbons, such as ethylene, 
propylene, butylene, isobutylene; vinyl halides, such as vinyl 
chloride and vinyl fluoride; vinyl esters of organic acids, such 

10 as vinyl acetate; styrene, ring- substituted styrenes and other 
vinyl aromatics, such as vinylpyridine and vinylnaphthalene ; 
acrylic acid and methacrylic acid and derivatives thereof in- 
cluding the salts, esters, amides, met hacrylonit rile and acryl- 
onitrile, acrolein and methacrolein; N- vinyl compounds, such as 

15 N-vinylcarbazole , N-vinylpyrrolidone and N-vinylcaprolactam . 

Di- substituted ethylene derivatives which are also very 
suitable are vinylidene chloride, vinylidene fluoride, vinyl- 
idene cyanide, maleic anhydride, esters of fumaric and maleic 
acids, stilbene. The monomers may be used singly, or in com- 

20 bination of two or more. 

Preferably, at least part of the monomers containing 
ethylenic unsaturation consists of unsaturated acids or deri- 
vatives, in particular esters, thereof. Very conveniently at 
least part of the monomers consists of esters of acrylic acid 

25 or methacrylic acids and monovalent alcohols . Examples of these 
esters are methyl methacrylate, ethyl met hacry late, propyl 
methacrylate, butyl methacrylate, methyl acrylate, ethylacrylate, 
propylacrylate, and in particular butylacrylate . 

It is often of advantage that at least part of the monomers 

30 consists of styrene. 

Free radical initiators which are very suitable to be used 
for grafting the monomers onto the organopolysiloxane are hydro- 
peroxides, such as t-butyl hydroperoxide, cumene hydroperoxide; 
dialkylper oxides, "such as di-t. -butyl peroxide; peresters, such 
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as t. -butyl perbenzoate. Benzoyl peroxide and azo-isobutyro- 
nitrile may also be used as free radical initiators. 

The length of the segments and the number thereof will . 
depend on the grafting conditions, such as temperature, con- 
centration of monomers, ratio of monomers to organo-polysiloxane , 
amount of free radical initiator; these conditions can vary 
betveen wide limits. 

Very suitably the weight percentage, of the segments (cal- 
culated on the ultimate vulcanized rubber) is from 20 to 80, in 
particular from 30 to 60. 

The vulcanization of the organo-polysiloxanes which contain 
segments is very suitably carried out after the said organo- 
polysiloxanes have been applied onto the surface of the marine 
structure . 

In order to achieve vulcanization the organo-polysiloxanes 
vhich contain segments need to possess certain runctional groups 
as explained above. The specific type of these groups depends on 
the method of vulcanization. Although methods exist in which 
organo-polysiloxanes are vulcanized at elevated temperatures, 
for the present purpose methods by which the vulcanization can 
be carried out at ambient temperature are preferred; there are two 
groups of such methods, viz. the two-pack RTV- system and the one- 
pack RTV- system. 

In the two-pack RTV- system the organo-polysiloxane to be 
vulcanized possesses a silanol end group. The vulcanization is 
achieved with the aid of a cross-linking agent, usually ethyl- 
silicate, which can be mixed with the organopolysiloxane . Just 
before application of the mixture a suitable catalyst (in 
general an organic tin-salt such as dibutyltin dilaurate) is 
blended in, and vulcanization by cross-linking starts im- 
mediately. It is also possible to add the cross-linking agent 
partly or totally in admixture with the catalyst to the organo- 
polysiloxane to be vulcanized. Solvents may also be present in 
one or both of the two components to be mixed. 
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In the one-pack RTV-system an organopolysiloxane which 
contains a silanol group has been reacted with a compound of 
g-^Veial formula RSiX^, in which R stands for hydrocarbyl (in; 
general methyl), and X for a hydroxy!, group or a group which 
5 contains a hydrolyzable oxygen linkage (e.g., acetoxy) or an 
other reactive site (e.g., ketoxim) - Solvents may be also 
present in the one-pack HTV-system, which must be kept protected 
from moisture. Vulcanization by cross-linking occurs when the 
pack is contacted with water, e.g., is contacted with a moist 

10 atmosphere . 

Very suitably the said outermost layer comprises besides 
the vulcanized silicone rubber a fluid organic compound, which 
on the one hand is liquid at the temperatures prevailing in sea- 
water, and on the other hand is not volatile at ambient temper- 

15 ature. Accordingly, the said fluid organic compound must have a 
boiling point at atmospheric pressure of at least 250°C. Very 
suitably the fluid organic compound is applied onto, the marine 
structure in aduixture with the organopolysiloxane to be vul- 
canized and accordingly it is of advantage that it is compatible 

20 therewith, so that a homogeneous mixture can be prepared of the 
organopolysiloxane to be vulcanized and the amount of fluid 
organic compound to be incorporated* No significant short term 
phase separation is to occur before vulcanization, although slow 
release of the fluid organic compound from the vulcanized 

25 silicone rubber, in particular exudation, may occur, and is 
considered to be of advantage. 

To aid the dispersion of organic fluid in the organopoly- 
siloxane to be vulcanized it is of advantage that a dispersing 
agent is present in the mixture. 

30 Very suitable fluid organic compounds to be present in the 

outermost layer of the marine * structure are silicone fluids, 
which are defined as polydihydrocarbyl-siloxanes (of which the 
hydrocarbyl groups may be substituted with hetero atoms ) . The 

" "~ " hydrocarbyl groups may be alkyl groups (in particular methyl 
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groups) or all or part thereof may be aryl groups (in particular 
phenyl groups). Silicone fluids of which the hydrocarbyl groups 
consist partly of methyl groups and partly of phenyl groups 
are very suitable. 

Other fluid organic compounds which are very suitable to be 
present in the outermost layer of the marine structure are 
hydrocarbons. As examples may be mentioned mineral oils and 
fractions thereof, in particular lubricating oils, such as 
technical white oils . 

Other types of hydrocarbons very suitable to be used as 
fluid organic compounds are low molecular weight polydienes, 
such as polybutadiene and polyisoprene, and in particular low 
molecular weight polyolefins (e.g., with a molecular weight up 
to about 5,000), such as ethylene /propylene copolymers, and in 
particular polyisobutene, preferably with a molecular weight 
from 300-500. 

The fluid organic compound may also consist of compounds 
which are indicated as plasticizers. As example of plasticizers 
may be mentioned esters of carboxylic- acids , e.g., of fatty 
acids, such as lauric acid and stearic acid, esters of di- 
carboxylic acids, such as adipic acid, azelaic acid, sebacic 
acid, phthalic acid (e.g., dinonylphthalate) and esters of poly- 
hydric alcohols, such as erythritol. The esters may also comprise 
hetero-atoms and/or hetero groups in their hydrocarbon chains 
which may, e.g., contain hydroxyl groups and/or halogen atoms, 
such as chlorine or fluorine, or consist of perfluorinated carbon 
chains . 

Other types of plasticizers which may be used are phosphorus- 
containing compounds, such as esters of phosphorus acids, in 
particular of phosphoric acid (e.g., tricresyl phosphate). 

Plasticizers which consist of halogenated hydrocarbons, 
such as chlorinated or fluorinated hydrocarbons are also suit- 
able. 
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Other types of suitable fluid organic compounds are low 
molecular weight, polyisocyanates , polyurethanes and poly- 
epoxides, e.g., polyethylene oxide, polypropylene oxide and 
copolymers of ethylene oxide and propylene oxide and other 
5 oxiranes. 

It will "be understood that the fluid organic compounds to 
"be used according to the invention are not limited to the type 
of compounds described above. Any fluid organic compound which 
is compatible to some extent with the silicone rubber may be 
10 used. 

In case the fluid organic compound is compatible with the 
silicone rubber only in amounts which are not sufficient to 
ensure a long period of anti- fouling activity, the fluid or- 
ganic compound is very suitably incorporated in the silicone 
15 rubber in an encapsulated form. The material used for the 

encapsulation is to be slowly permeable for the encapsulated 
fluid organic compound, so that a low concentration of this 
compound in the silicone rubber is maintained, enabling exudation 
of the fluid organic compound from the silicone rubber. The 
20 encapsulating material very suitably consists partly or totally 
of a polymer and may, e.g., be a silicone rubber or other type 
of rubbery material, or may be based on polyester, polyurethane 
or cellulose derivatives or any other suitable polymeric material 
which allows a slow release of the encapsulated fluid into the 
.25 silicone rubber. 

The amount of the fluid organic compound present may vary 
between wide limits. Amounts from 0.1 to 100 pbw on 100 pbw of 
vulcanized silicone rubber are very suitable. 

As a matter of course diluents for the fluid organic compounds 
30 may be present in the coatings according to the invention. Less 
effective fluid compounds which may have a boiling point at 
atmospheric pressure below 250°C may be used as diluents or 
carriers which contain therein only relatively small concentrations 
- - of the more preferred fluid organic compounds.- ~ - 
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If desired, materials which enhance the strength of the 
silicone rubber may also be incorporated. As examples may be 
mentioned fibrous materials (e.g., glass fibres, glass flakes or 
nylon fibres ) and powdered polymers , such as polytetraf luor- 
5 ethylene . 

The fluid organic compound is suitably applied onto the 
surface of the marine structure in admixture with the organo- 
polysiloxane to be vulcanized, and the latter is vulcanized in 
situ. For that reason the fluid organic compound to be used should 

10 be of such structure that it does not or only to an insignificant 
amount take part in the reactions which lead to cross linking of 
the organopolysiloxane to form a vulcanized silicone rubber. 

The invention also relates to a method for the manufacture 
of a coated marine structure by coating at least part of the 

15 outer surface of a marine structure by application of an organo- 
polysiloxane which contains segments linked to the said poly- 
siloxane, which segments are constituted of recurrent units, 
which units are preferably derived from monomers containing 
ethylenic unsaturation, and vulcanizing the said polyorgano- 

20 siloxane. If desired, fluid organic compounds which are liquid 
at the temperatures prevailing in sea-water and have a boiling 
point of at least 250°C may be incorporated in the organo-poly- 
siloxanes to be applied onto the marine structure. 

The outermost layer according to the invention may be applied 

25 onto the surface of the marine structure by any suitable means, 
such as brushing, spraying and the like. 

The surface to be coated according to the invention may 
have been "pretreated in order to increase the adhesion of the 
coating according to the invention thereto, e.g., by sand- 

30 blasting and/or application of an adhesive layer. Other coatings 
may also have been applied, e.g., an ant i -corrosive coating 
and/or an anti-fouling coating of prior art. The coatings ac- 
cording to the invention may also comprise metal-containing 
anti-fouling agents of prior art. 
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The invention also relates to mixtures which, when applied 
onto a structure can form a coating layer hy vulcanization, which 
mixtures comprise an organo-polysiloxane which contains segments, 
which segments are constituted of recurrent units, which units 
are preferably derived from monomers containing ethylenic un- 
saturation, and a fluid organic compound which is liquid at the 
temperatures prevailing in sea-water and has a boiling point at 
atmospheric pressure of at least 250°C . 
EXAMPLES 

Fibre glass panels were coated with a conventional anti- 
rust system and subsequently with anti-fouling compositions 
according to the invention with a layer thickness of 150-200 u. 

The ant i -fouling compositions according to the invention 
were formed by in situ vulcanization achieved by coating the 
fibre glass panels with a freshly prepared mixture of a) a 
commercial organo-polysiloxane which contained grafted polymeric 
segments based on styrene (about 20-25#w) and butylacrylate 
(about 30-^05£w) and b) as a catalyst a blend of a tin salt and 
ethylsilicate. If appropriate fillers and/or organic compounds 
and/or dispersants were also incorporated in the organo-poly- 
siloxane mentioned under a). 

The test panels thus obtained were immersed in sea-water at" 
Poole Harbour and their condition was inspected after three 
months. The condition of the panels was assessed as they 
appeared on removal from the water and also following low- 
pressure water washing. This washing was carried out to obtain 
an indication of the strength of attachment of the fouling and - 
can be considered to be somewhat analogous to the conditions 
experienced on a moving vessel. 

The Table shows the results. 
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TABLE 

Conditions after 3 months 

Coating formulation Parts "by as removed after low 

weight from sea- pressure 

water water wash 



1) organopolysiloxane 100 
Fe^ filler U 
catalyst 5 

2) organopolysiloxane 100 

poly i s o Duty 1 ene 

mol. wt. 350 20 

Fe 3 0^ filler U 

catalyst ^ 

dispersant 0,25 

3) organopolysiloxane 100 
technical white oil 20 
Fe 3 0 u filler h 
catalyst h 
dispersant 0.25 

h) organopolysiloxane 100 

dime thy Ipolysiloxane 20 

Fe 3 0 u filler ^ 
catalyst 

dispersant 0.25 



thin film of 
slime with 
isolated weed 



small amount 
of slime and 
isolated weed 



thin film of 
slime with 
isolated weed 



small amount 
of slime and 
isolated weed 



thin film of 
slime with 
isolated weed 



isolated weed 



thin film of 
slime with 
isolated weed 



no apparent 
fouling 
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WHAT WE CLAIM IS; 

1. A marine structure, the outer surface of which is at least 
partly coated with one or more layers, characterized in that 
the outermost layer comprises a vulcanized silicone rubber 
which rubber contains silicon-free segments which are con- 
stituted of recurrent units* 

2. A marine structure according to claim 1 , in which each 
recurring unit has a unit weight of at least 30. 

3. A marine structure according to claim 2, in which the 
said unit weight is at least 50. 

U. A marine structure according to any one of the preceding 
claims, in which the outermost layer has been prepared by 
vulcanizing an organopolysiloxane which contains silicon-free 
segments which are constituted of recurrent units. 

5. A marine structure according to any one of the preceding 
claims, in which the silicon- free segments are polymeric 
segments . 

6. A marine structure according to claim 5* in which the 
polymeric segments are derived from monomers containing ethyl- 
enic unsaturation. 

7. A marine structure according to claim 6, in which the 
silicon-free segments are linked to silicon atoms in the said 
polysiloxane via alkylene or alkylidene groups. 

8. A marine structure according to claim 7 > In which the 
alkylene, groups are methylene groups. 

9. A marine structure according to any one of claims 6-8, 
in which at least part of the monomers containing ethylenic 
unsaturation consists of unsaturated acids or derivatives 
thereof. 

10. A marine structure according to claim 9, is. which the 
derivatives of unsaturated acids are esters. 
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11. A marine structure according to claim 10, in which the 
esters of unsaturated acids are esters of acrylic acid or 
methacrylic acid and monovalent alcohols. 

12. A marine structure according to claim 11, in which 
5 the ester is butylacrylate . 

13. A marine structure according to any one of claims 6-12, 
in which at least part of the monomers containing ethylenic 
unsaturation consists of styrene. 

1U. A marine structure according to any one of the preceding 
10 claims, in which the weight percentage of the silicon-free 
segments (calculated on the ultimate vulcanized rubber) is 
from 20 to 80, in particular from 30 to 60. 

15. A marine structure according to any one of the preceding 
claims, in which the outermost layer comprises a fluid organic 

15 compound which is liquid at the temperature prevailing in sea- 
water and has a boiling point at atmospheric pressure of at 
least 250°C. 

16. A marine structure according to claim 15, in which the 
fluid organic compound is a silicone fluid. 

20 IT. A marine structure according to claim 16, in which the 
silicone fluid consists of polydihydrocarbylsiloxanes . 

18. A marine structure according to claim 17, in which the 
hydro car byl groups consist of methyl and/or phenyl groups . 

19. A marine structure according to claim 15» in which the 
25 fluid organic compound consists of one or more hydrocarbons . 

20. A marine structure according to claim 19 > in which the 
fluid organic compound is a lubricating oil. 

21. A marine structure according to claim 19» in which the 
fluid organic compound is a polyolefin with a molecular weight 

30 up to about 5000. 

22. A marine structure according to claim 21 , in which the 
polyolefin is polyisobutene with a molecular weight from 
300-500. 
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23. A mixture which comprises an organopolysiloxane which 
contains silicon-free segments, which segments are constituted 
of recurrent units, and a fluid organic compound which is liqui 
at the temperatures prevailing in sea-water and has a hoiling 
point at atmospheric pressure of at least 250 C. 
2h. A method for the manufacture of a coated marine structure 
hy coating at least part of the outer surface of a marine 
structure "by application of an organopolysiloxane which contain 
segments linked to the said polysiloxane which segments are 
constituted of recurrent units, and vulcanizing the said poly- 
organosiloxane . 

25. A method according to claim 2h 9 in which the recurrent 
units are derived from monomers containing ethylenic unsaturate 



